Introduction
============

Age-related hearing loss (presbycusis) is described as a sensorineural hearing impairment caused by aging. Presbycusis is characterized by decreased speech understanding in a noisy environment, slowed central processing of acoustic information and impaired localization of sound sources, and natural deterioration in hearing. Patients who suffer from presbycusis encounter various difficulties in carrying out the activities of daily life. Age-related hearing loss occurs in elderly people in their 60s and in 50% of people in the over 70 age group.[@B1]

The diagnosis of presbycusis is based on the medical history and physical examination. The ability to locate the sound source deteriorates in both ears of patients with presbycusis with a mild-to-moderate hearing loss in the high-frequency range. Presbycusis is usually diagnosed when patients meets the following criteria: symmetric increased hearing threshold, the absence of injury, use of ototoxic medications, history of ear disease and previous ear surgery, the presence of minimum conductive hearing loss (10 dB or lower), and aged 65 years or older.[@B2]

According to the histological changes and the sites of degeneration in the cochlea identified by Schuknecht, presbycusis is divided into the following five types: sensory presbycusis, in which an abrupt change in the audiometric pattern is caused by the degeneration of hair cells; neural presbycusis, in which there is a downward sloping pattern on the audiogram and loss of cochlear nerve cells and central neural pathways; metabolic presbycusis, in which there is atrophy of the stria vascularis and a flat hearing curve on the audiogram; cochlear presbycusis, in which there is a gradual sloping pattern on the audiogram and there are no histological changes in organ of Corti and neural structure; mixed presbycusis, in which there is a combination of the symptoms of the other types of presbycusis.[@B3] Once presbycusis is diagnosed based on medical history, physical examination and hearing test, it is classified into one of these five types for auditory rehabilitation. However, patients with presbycusis may have much difficulty of hearing in a noisy environment and decreased sound localization even when they have a normal threshold of hearing.[@B4] The conventional hearing screening test such as pure-tone audiometry is not enough to measure the overall hearing ability. Also, successful rehabilitation of patients with presbycusis should not be judged only by an improvement in the hearing ability. Diverse screening methods are needed for variations of symptoms in patients with presbycusis.

To accurately measure the hearing ability of elderly people, it is crucial to identify the difficulties that they encounter during everyday life using proper assessment methods and to provide customized rehabilitation programs. The purpose of this study was to discuss the various assessment methods available to measure the hearing ability in patients with presbycusis and their difficulties in daily life.

Discussion
==========

Medical history of hearing loss
-------------------------------

Presbycusis may progress slowly, and the patients may not realize that their hearing ability is deteriorating. While taking the medical history of patients with presbycusis, it is important to identify the sounds which elderly people cannot understand as much as the sounds which elderly people cannot hear. It is also important to be aware of the fact that presbycusis is associated with depression and cognitive disorder in many cases. In such cases, treatment of concurrent conditions should also be considered. Risk factors for presbycusis that need to be assessed include exposure to noise, smoking, drug use, high blood pressure and family history of presbycusis. Previous history of working in noisy areas and exposure to noises like that of a gunshot may cause hearing loss in the higher frequency range, which in turn results in presbycusis in the entire frequency range. It is important to check if there are any otologic symptoms such as tinnitus and dizziness in order to ensure that presbycusis is not caused by other illnesses such as tumors around the auditory nerve.

Physical examination
--------------------

Earwax should be removed before the inspection of the ear. Earwax can block the ear canal and can cause hearing loss in elderly people and impair the performance of the hearing aid. Therefore, earwax removal is important. In addition, presence of otorrhea should be assessed and the tympanic membranes should be carefully examined in patients with suspected presbycusis to determine whether concurrent conditions such as otitis media and cholesteatoma.

Hearing screening and testing
-----------------------------

As hearing disorders progress very slowly, patients do not realize that their hearing ability is deteriorating. Hearing screening can be performed to detect presbycusis. For hearing screening, the whispered voice test is widely performed in outpatient clinic. In this test, the examiner stands behind the patient in order to prevent the patient from seeing the examiner at a distance of 6 inches and 2 feet from the ear, and whispers three different single-digit numbers while the external auditory canal of the other ear is occluded with his hand. Then the patient is asked to repeat the numbers that he/she heard. If a subject obtains a score of 50 or less on a 100-point scale, he/she is considered to have failed the whispered voice test, and a hearing loss of 30 dB can be expected.[@B5] In addition, the tuning fork test is useful to determine whether hearing loss is caused by conductive or sensorineural impairment. The test is important for hearing screening of outpatient clinic.

Pure tone test
--------------

The pure tone test is an essential tool to diagnose and evaluate presbycusis. This test is the most important to assess the status of patients who are undergoing rehabilitation, including wearing the hearing devices. Test results provide very useful information for evaluating the outcomes of hearing rehabilitation. The accurate air conduction and bone conduction tests are included in the pure tone test. Elderly people may have difficulty in following the test instructions and they may feel exhausted as the test is time-consuming. Therefore, pre-test training is recommended.

Speech audiometry test
----------------------

Patients with presbycusis may have a difficulty in listening and understanding what the other people are saying. Measuring the ability to hear and understand speech in patients with presbycusis is very important for selecting the appropriate treatment methods and interpreting the outcomes. Also, test results can be used for laying down the guidelines for hearing rehabilitation interventions and for assessing the difficulties encountered by the patients with hearing loss and their adaptability in the society. When compared with the pure tone test, the speech audiometry test is more complicated and extensive since it examines the physiological, linguistic and psychological aspects of speech, thereby making it crucial in patients with presbycusis.[@B6]

Hearing in noise test (HINT)
----------------------------

In patients with presbycusis, the ability to hear sounds and process speech is impaired as there is lack of coordination between the peripheral hearing organs and the brain. Conventional hearing tests such as the pure tone test do not accurately measure the hearing ability; and more importantly, these tests do not quantify the degree of difficulty which the patients with presbycusis encounter in their daily life.[@B7] For an accurate hearing testing, the ability to recognize speech in noise needs to be measured. Hence, hearing in noise test (HINT), a modified version of speech audiometry test, was developed. HINT is designed to measure a person\'s ability to hear a brief conversational sentence in both quiet and noisy environments, and to compare the results with the standard ([Fig. 1](#F1){ref-type="fig"}). The degree of hearing impairment in patients with presbycusis is quantified using a translated version of HINT, and the effects of hearing rehabilitation programs are assessed based on the results.[@B8] However, more caution is required while applying this tool in rehabilitation, given that the HINT results can vary among patients with presbycusis despite the common results for the pure tone test.

Central auditory processing disorder (CAPD)
-------------------------------------------

The central auditory processing disorder is defined as abnormal responses during auditory processing in the cerebral cortex where sound signals are delivered. As a result, there is an abnormal brain response to the sounds.[@B9] The incidence of central auditory processing disorder (CAPD) is growing in patients with presbycusis who present with different symptoms. For example, the patient\'s hearing ability deteriorates in background noise even when their hearing level is normal. They may lose the ability to distinguish one sound from the other when they hear two sounds.[@B4] The effects of conventional hearing rehabilitation methods were significantly lower in patients with presbycusis and CAPD. To assess CAPD, speech audiometry is usually performed in a noisy environment and the results are compared with those of the pure tone test. In addition, there is synthetic sentence identification with either an ipsilateral competing message (SSI-ICM) or contralateral competing message (SSI-CCM). SSI-ICM is known to offer a higher level of sensitivity.[@B10],[@B11] Frequency and duration pattern tests and dichotic tests were recently developed as new assessment tools for CAPD in South Korea. By using these tools, researchers can improve their understanding of cognitive disorders in patients with presbycusis.[@B12]

Mental disorder test
--------------------

Patients with hearing loss are prone to have mental disorders, depression, social stress, isolation and persecutory delusions.[@B13],[@B14] An earlier study suggested that 42% of patients with hearing loss needed psychological support and treatment, thereby signifying the need for measuring mental disorders in patients with presbycusis.[@B15] The prevalence of depression and isolation is particularly high among patients with presbycusis. A translated version of the Beck Depression Inventory can be used for treatment of depression along with hearing rehabilitation. In developed countries, self-administered questionnaires are used to collect the information on hearing-related disabilities, and the collected data are quantified and applied to hearing rehabilitation.[@B13],[@B16] Translated versions of the Hearing Handicap Inventory for the Elderly (HHIE)[@B17] and the HHIE-screening[@B18] are used for evaluating mental disorders in patients with presbycusis.

Conclusion
==========

The diagnosis of presbycusis is based on medical history, physical examination and hearing test. However, the typical approach of diagnosis of presbycusis followed by providing hearing aids and rehabilitation interventions does not guarantee that patients will be able to attend family and social life without any problems. To more accurately diagnose the condition of patients with presbycusis and to provide successful rehabilitation programs, CAPD and mental disorder tests should be performed along with the basic hearing tests. Any training program for the family members of patients can also be considered for improving the psychological wellbeing of patients with presbycusis.
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